To study the effectiveness of Transforaminal Percutaneous Endoscopic Discectomy (TPED) for lumbar disc herniation in patients with Parkinson disease (PD). Methods: Fifteen patients diagnosed with PD and lumbar disc hernia were recruited to the study. All patients underwent TPED. Mean age was 61.27±6 years, with 8 male (53.3%) and 7 female patients (46.7%). Level of operation was L3-4 (33.3%), L4-5 (33.3%) and L5-S1 (33.3%). Visual analogue scale (VAS) for leg pain and Oswestry Disabillity Index (ODI) for back pain, as well as the Medical Outcomes Study Questionnaire Short-Form 36 Health Survey (SF-36) for health-related quality of life (HRQoL) were assessed right before surgery and at 6 weeks, 3, 6, and 12 months after surgery. Results: VAS and ODI showed significant (p<0.005) reduction one year after TPED, with a percentage improvement of 83.9% and 79.4%, respectively. Similarly, all aspects of quality of life (SF-36) were significantly (p<0.005) improved 1 year after the procedure. Bodily pain and role physical demonstrated the highest increase followed by role emotional, physical function, social function, vitality, mental health, and general health. Beneficial impact of TPED on clinical outcome and HRQoL was independent of gender and operated level. Conclusion: TPED is effective in reducing lower limb symptoms and low back pain in patients with lumbar disc hernia, suffering from PD. Positive effect of endoscopy is, also, evident in HRQoL of those patients one year after the procedure.
INTRODUCTION
Parkinson disease (PD) is a degenerative disorder of the basal ganglions, pathophysiologically characterized by the loss of dopaminergic neurons in the area of substantia nigra pars compacta that leads mainly to motor dysfunstion 4, 21) . Clinical manifestation includes four main or "cardinal" symptoms: akinesia or bradykinesia, rest tremor, rigidity and postural instability 4, 21) . PD is a disease of the aged population with a peak incidence at the 8th decade of life 32) . Prevalence is estimated between 65.6 per 100,000 to 12,500 per 100,000 in different European studies. Annually, there are about 5 to 346 new cases per 100,000 and this number is expected to rise as the population ages 34) . PD is associated with spine deformity and pain 10, 13, 14) . PD patients suffer frequently from non-specific low back pain 5) . Origins of the pain are muscles, paraspinal soft tissues and bones. Mechanism of pain is abnormal stress distribution to those structures through muscle rigidity and postural deformity of the spine. Nevertheless, stooped posture of the trunk with mildly bent hips and knees alters spine biomechanics, transpositions the center of gravity and exaggerates force distribution, especially on the ventral elements of vertebrae and discs 5) . Impaired biomechanics act synergically with aging and lead to profound degeneration of the intervertebral discs, hernia formation and radiculopathy 1) . Background of the disease explains the high prevalence and intensity of low back pain and radiculopathy in this population, independently from the duration and the severity of the disease or the "off phases" 5) . Spinal surgery is frequently indicated in patients diagnosed with PD to preserve functional ability. Open spine surgery, however, has poor clinical outcome with high complication and revision rates, especially due to spinal instability 2, 20, 29) . Lumbar discectomy is a common procedure for spinal sur-
Endoscopic Discectomy in Parkinson Disease
Korean J Spine 13(3) September 2016 145 geons and minimally invasive techniques are becoming more popular. Transforaminal percutaneous endoscopic discectomy (TPED) is a posterolateral, endoscopic technique that access the disc pathology through the intervertebral foramen and the anatomic triangle, described by Kambin and Brager 17) . Endoscopy is associated with reduced hospital stay, lower postoperative morbidity and shorter rehabilitation period 22, 28) . Transforaminal approach is atraumatic for the dorsal structures (muscles, bones, ligaments) and minimizes the scaring of the epidural space 28) . The latter effect is of substantial importance on revision surgery.
Therefore, patients suffering from PD and lumbar disc hernia are high risk population for open procedures and may benefit from the advantages of endoscopic management of their hernia. Our intention is to investigate the clinical outcome and the progress of health-related quality of life (HRQoL) one year after TPED in PD patients with lumbar disc hernia.
MATERIALS ANS METHODS

Patients
Fifteen patients diagnosed with PD and lumbar disc hernia were enrolled in the study and scheduled to undergo TPED. All patients agreed to participate in the study and provided informed written consent. The ptotocol was approved by the Medical Council of Interbalkan European Medical Center and the Local Ethics Committee.
1) Inclusion criteria
(1) Previous diagnosis of PD according to UK Parkinson's Disease Society Brain Bank clinical diagnostic criteria 16) , (2) radiculopathy, (3) positive nerve root tension sign, (4) sensory or motor neurologic deficit, (5) hernia confirmed by magnetic resonance imaging of the lumbar spine, in compliance with clinical findings, (6) failure of 12-week conservative treatment.
2) Exclusion criteria
(1) Noncontaminated or sequestrated disc hernia, (2) central or lateral recess stenosis, (3) recurrent disc hernia, (4) previous spine surgery, (5) concomitant conditions, such as spondylolisthesis or degenerative scoliosis, (6) vertebral fracture (mainly osteoporotic), (7) vertebral infection or tumor, (8) previous deep brain stimulation surgery.
Methods
All patients that fulfilled the aforementioned criteria were recruited to the study and underwent lumbar endoscopic discectomy. The surgical technique was TPED, performed at the same center and by the same experienced spine surgeon. Perioperative complications were not observed.
Follow-up period was 1 year. Visual Analogue Scale (VAS) for leg pain and Oswestry Disability Index (ODI) for back pain were utilized for clinical outcome assessment. The Medical Outcomes Study Questionnaire Short-Form 36 Health Survey (SF-36) was used for the assessment of HRQoL.
VAS for Leg Pain
Personal score was measured in millimeters (mm), giving an objective perception over the patients' radicular symptomatology 37) . Minimum clinical significant change is associated with a change of at least 16 mm in VAS for leg pain, in lumbar spine interventions 7) . VAS has been previously used in the literature in PD for the assessment of pain, which is a common condition among the patients 5, 11, 33) .
Oswestry Disability Index
ODI is a condition-specific measure for the evaluation of low back pain in daily living. It is commonly used in the outcome assessment of spine surgery, as it is easy and reliable 8, 12) . The interviewer asked the patients to choose the statement that was best compatible with their clinical condition. Its individual's total score was expressed as percentage and represented the percentage of disability experienced in everyday life due to low back problems. Minimum clinical significant change comprises a change in ODI of at least 12.8 points at the percentage scale, in patients undergoing lumbar spine surgery 7) .
The Medical Outcomes Study Questionnaire Short-Form 36 Health Survey
The SF-36 is the most commonly used generic HRQoL in the clinical assessment of spine surgery 38) . It consists by multiitem scales focused on eight different aspects of general health; physical function (PF), role limitations due to physical problems (RP), bodily pain (BP), general health (GH) perceptions, vitality, energy, and fatigue (V), social function (SF), role limitations due to emotional problems (RE), and mental health (MH). The interviewer assisted the patients to enter the required data, which were then coded, summed and transformed to a percentage scale. Generally, the higher the score is the better the health status of the patient 36) . Insofar, PD affects HRQoL, patient-oriented questionnaires are broadly applied in those patients, in order to investigate the disease's natural course and responsiveness to treatment 30) . PD-specific measures of quality of life have been developed, such as the 39-item Parkinson Disease Questionnaire or the Parkinson Disease Quality of Life Measure 9, 26) . However, in our study we used SF-36, a generic HRQoL applied in the general population. SF-36 has been tested for its validity, reliability and responsiveness in different conditions, including spinal disorders and PD 3, 15, 27, 30, 35) . Nevertheless, SF-36 is widely accepted as outcome measure in spine surgery and All data (VAS, ODI, SF-36) were collected by interview, in order to ensure optimal comprehension, considering the effect of PD in cognitive ability. The assessment took place right before surgery and was repeated at specific intervals during the follow-up period (6 weeks, 3 months, 6 months, 12 months).
Surgical Technique
The procedure was TPED, performed under local anesthesia and mild sedation, by the same experienced in the technique spinal surgeon. Patients positioning was lateral decubitus, for optimal enlargement of the foraminal space. The surgical field was disinfected and local anesthesia was applied at the needle entry point. Subsequently, the needle was promoted 11 cm laterally of the midline and through the anatomic triangle of Kambin, in order to access the foramen. The procedure took place under fluoroscopic guidance. The position of the needle was confirmed and, then, mild sedation and analgesia were provided with Fentanyl (Fentanyl ampule), to facilitate the passage of the reamers. Three different reamers were sequentially passed, in ascending order from 5.5 to 6.5 mm and, finally, to 7.5-mm diameter (Joimax System). The cannula and the endoscope were introduced in place and the herniated material was removed by graspers. No perioperative complications were observed. The patients were monitored for the first postoperative hour in the wards and, then, mobilized. Finally, all of them were discharged within 24 hours.
Statistical Analysis
Collected data were analyzed with the use of SPSS ver. 13.0 (SPSS Inc., Chicago, IL, USA). Continuous variables (age, VAS, ODI, SF-36 components) are expressed as mean±stan-dard deviation and categorical variables (sex, level of operation) as percentages. The Kolmogorov-Smirnov test was utilized for normality analysis.
Student t-test and Wilcoxon test were utilized for the comparison of the quantitive-continuous variables (VAS, ODI, SF-36 components) in dependent samples at each time point, for normal or not distribution, respectively.
One-way analysis of variance and Kruskal-Wallis tests were applied for the comparison between independent samples according to sex (2 samples, male/female), for normal or not distribution, respectively. Student t-test and Mann-Whitney tests were used for the comparison between independent samples according to level of operation (3 samples, L3-4/L4-5/L5-S1), for normal and not distribution respectively.
RESULTS
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Korean J Spine 13(3) September 2016 147 VAS and ODI scores presented significant reduction during the follow-up period. As far as ODI is concerned, the result seemed to stabilize at 6 months postoperatively. Between 6 and 12 months, there was a slight increase in ODI. However, the change remained insignificant (p=0.379). All the aspects of quality of life were gradually improved one year post operatively, in a statistically significant way (p<0.005). The difference was significant at every time interval (p<0.05), except for the aspects of PF and RE. PF and RE were stabilized within 6 months and their increase was not significant thereafter (p= 0.131 and p=0.674, respectively). Progressive change of ODI, VAS and SF-36 components is described in Fig. 1 .
The end-point impact of TPED on clinical condition and quality of life is presented at Table 3 . VAS and ODI absolute reduction scores are converted into improvement percentages, while the progress of SF-36 aspects is presented in absolute reduction values. The results were furtherly analyzed for any statistical significant difference according to gender and level of operation, as independent populations. p-values and statistical test utilized are, also, provided at Table 3 .
The final outcome does not differentiate according to sex or level of operation, except from VAS score. After the 12-month follow-up, the percentage improvement of VAS was the highest for the level L4-L5 and the difference was significant only compared to L5-S1 (p=0.032).
DISCUSSION
PD is traditionally described as a disease of motor disorder and spine is commonly affected in the disease's natural course 4, 10, 21) . Parkinsonic spine balance is violated on the sagittal and coronal planes. Sagittal deformities include stooped posture of the trunk (leading in extreme cases to camptocormia) and antecollis. Coronal plane disorders mainly refer to Pisa syndrome and scoliosis 10) . PD induces spinal malalignment and instability, probably proportionate to disease severity 6, 24) . In the thoracolumbar section, the natural curves of thoracic kyphosis and lumbar lordosis are shown to increase in patients with PD 24) . Potential pathophysiologic mechanisms include muscle rigidity, flexion dystonia of the trunk, impaired proprioception and kinaesthesia, as well as pharmacotherapy with dopamine agonists. Paraspinal muscle myopathy, poor bone quality and progressive degeneration due to aging act cumulatively to established spinal deformity 10) . PD alters spine biomechanics and poses limitations to spine surgery. Malalignment of the spino-pelvic parameters, described in PD, predisposes to bad outcome in lumbar spine surgery 19, 24) . Neuromuscular dysfunction is independently increasing the risk of complications 2, 20, 29) . However, few studies have investigated the clinical outcome of spine surgery in patients diagnosed with PD 2, 20, 29) . Existing data converge on a high complication rate, mainly due to instability and hardware failure. Revision surgery is frequently required 2, 20, 29) . Moreover, PD patients experience more frequently common complica-tions, such as postoperative infections 2, 20) . Our present knowledge is limited and, only, refers to traditional open procedures. The aforementioned studies are characterized by retrospective data selection heterogeneous samples, concerning spine pathology and type of surgery and condition-specific measures and tools that fail to interpret the findings in terms of quality of life. Our study focuses on the effectiveness of TPED in PD patients diagnosed with lumbar disc hernia, with special interest to health related quality of life.
Our findings converge that endoscopic discectomy significantly improves radiculopathy and disability due to low back pain in patients diagnosed with PD and lumbar disc hernia, 1 year after the procedure. Specifically, TPED achieved a mean improvement of 83% and 79.4% in VAS and ODI measures, respectively. Nellensteijn et al. 23) reviewed the literature to determine the effectiveness of TPED in symptomatic patients with lumbar disc herniation. The procedure produced an improvement ranging from 65% to 89% for VAS and 74% to 90% for ODI. The results indicate that the clinical outcome of TPED is comparable among patients with and without PD. Kapetanakis et al. 18) conducted a case-control study to compare the clinical effectiveness of the procedure among patients with PD and otherwise healthy individuals. According to the results, absolute reduction of VAS and ODI did not differ significantly between cases and controls, although percentage improvement of both measures was significantly lower for the PD group, fact attributed to limited number of cases and higher preoperative values in the parkinsonic group.
Improvement of lower limp symptoms and functional ability due to remission of low back pain is interpreted in a significant improvement in quality of life in those patients. A year after TPED, all aspects of quality of life showed statistically significant improvement from baseline. BP and role physical showed the maximum improvement, followed by RE, PF, SF and V. MH, and GH were subjected to less evident increase. Quality of life following TPED has been previously studied in normal adults with a minimum follow-up period of 2 years and interval measurements at 6 months by Peng et al. 25) . Our results suggest that PD population with lumbar disc hernia is, generally, characterized by lower HRQoL compared to non-PD population at the preoperative setting and within 6 months after surgery, in all aspects measured by SF-36 questionnaire. BP, though, surpassed the respective value for normal population provided by the study of Peng et al. 25) at 6 months. A study, conducted by Schroeder et al. 31) , has investigated the progress of quality of life following open lumbar spine surgery in 96 patients diagnosed with PD. Quality of life was measured by Short Form -12 physical and mental component summary. SF-12 physical component summary improved significantly at the end of a mean follow-up period of 30.1 months, while the SF-12 mental component summary failed to record a similar significant improvement. In our study the SF-36 mental health component showed significant statistical improvement one year after endoscopic discectomy. A possible beneficial impact of endoscopy on the mental aspects of quality of life in those patients, on the contrary to open procedures, should be further investigated.
Percentage improvement of ODI and VAS, as well as absolute increase in the aspects of SF-36 did not differ among males and females or among the different operated levels (L3-4, L4-5, L5-S1). The only exception was percentage improvement of VAS, analyzed according to level of operation. Intervention on L4-L5 level was accompanied by significantly higher percentage improvement in VAS compared to L5-S1 level. Taking into consideration the minimum change of VAS capable to produce clinical difference (which is estimated at 16 mm) 7) , this difference lacks clinical significance. Subsequently, the beneficial effect of TPED in radiculopathy, low back pain and quality of life in parkinsonic population is significant and independent of gender or level of operation, 1 year after surgery.
Taking into consideration the poor outcome of open spine surgery in parkinsonic population 2, 20, 29) , the main aggravating factors predicting the need of revision surgery after open procedures , such as the severity of the PD and the comorbidities (diabetes mellitus, osteoporosis) 31) , as well as the satisfactory clinical outcome of TPED in terms of quality of life, TPED for lumbar disc herniation should be considered as alternative option to traditional procedures , especially in patients with severe PD and other comorbidities.
The strengths of our study arise from the selection of endoscopy (TPED) for the surgical management of lumbar disc hernia in PD patients and not traditional open procedures, that have been previously studied the prospective data collection and homogenous sample in terms of diagnosis and indications for endoscopy, as well as the inclusion of HRQoL in the assessment of clinical outcome. Our study, however, is subjected to some limitations due to (1) the small number of cases (2) the noninclusion of duration and severity of the disease (3) noninclusion of comorbidities and other demographic characteristics that influence health related quality of life and (4) the absence of a control group, consisted of PD patients that would undergo discectomy with open procedures. The latter was not feasible, taking into consideration the prevalence of PD in general population and, especially, in the subgroup diagnosed with lumbar disc hernia, programmed to undergo spine surgery, as well as the absence of any contradiction for TPED, that would lead us to the decision for open discectomy. However, we used the already existing data of TPED on general population to facilitate comparison.
CONCLUSION
Endoscopic discectomy via the foramen achieves satisfactory improvement in leg pain, low back pain and quality of life in patients suffering from PD. Taking into consideration the disappointing results of open surgery in this specific population, TPED should be considered as an alternative in the management of lumbar herniation in patients with PD.
